Introduction
A reduction in the genetic diversity of a species can be the result of a severe decline in population size (Spielman et al., 2004) . The best method of investigating changes in genetic variation over time is to use ancient DNA (aDNA) derived from samples of the population before it declined. This then provides a direct reference point (Wisely et al., 2002) . Using such an approach, studies have compared diversity in pre-bottleneck samples to 'modern' samples (for example Chan et al., 2005; Leonard et al., 2005) . Some studies have discovered that the change in genetic diversity over a suspected bottleneck was less than expected (for example Paxinos et al., 2002; Miller and Waits, 2003) . Such results could only have been obtained by an examination of aDNA.
The critically endangered Chatham Island Taiko (Tchaik, Pterodroma magentae) is one of the world's rarest seabirds (IUCN, 2007) . The Taiko is only ever known to have bred on the main island in the Chatham group and nowhere else in the world (Figure 1 ; Aikman and Miskelly, 2004) . The Taiko population consists of just 120-150 birds, including only 8-15 breeding pairs. Surprisingly, genetic variation in the modern adult Taiko population is relatively high in comparison to seabirds and other avian species of varying threat status (Lawrence et al., 2008b) . The study by Lawrence et al. (2008b) includes almost every adult Taiko caught and every chick fledged over a 10-year period. There are 10 haplotypes in adult Taiko for the complete cytochrome b gene and 21 for duplicated fragments of the mitochondrial control region domain I. The level of variation of multilocus minisatellite DNA profiles is also high. However, this high level of variation is not present in the generation of chicks born since intense predator control began in 1993 (Lawrence et al., 2008b) .
Before the introduction of predators, there were millions of breeding pairs of Taiko and it was the most common of the burrowing petrels on Chatham Island (Aikman and Miskelly, 2004) . Given the severe reduction in Taiko numbers (to just 120-150), genetic variation in the species may have been even larger in the past. Past diversity can be investigated using aDNA from widely distributed Taiko bone samples.
Taiko bones have been discovered from many locations around the main Chatham Island, including the northern and eastern regions, primarily from sand dunes (Figure 1 ; Crockett, 1994) . However, many inland areas are unsuitable for bone preservation, due to acidity, peat deposits (and fires therein) and widespread swamps (Millener, 1996) . Dune bones could be remains from breeding populations or from beach-wrecked birds (that is birds washed up on the shore; Worthy and Holdaway, 2002) , skua (Catharacta lonnbergi) refuse deposits (GA Taylor, personal communication) or birds transported by Moriori (Millener, 1999) . Moriori (the indigenous people of Chatham Island/Rekohu) harvested juvenile Taiko from breeding burrows for food (Sutton, 1979a) . Birds were preserved for later consumption and may have been transported around the island (Crockett, 1994) . Consequently, the presence of juvenile Taiko bones in a location does not necessarily indicate a historical breeding site.
Taiko were an important food source for Moriori living at the Waihora village in the 16th century (Figure 1 ; Sutton, 1980) . Taiko bones make up half of the species assemblages uncovered at some midden sites (human refuse deposits). These sites were likely to be highly specialized seasonal stations that were located near a Taiko breeding colony, within 2 km of the village (Figure 1 ; Sutton, 1979a) . Inhabitants of Waihora were mostly self-sufficient, but there is evidence for some exchange with people from other areas for tools (Sutton, 1982) and perhaps eels, lampreys and inanga (Galaxiid species; Sutton, 1989) . Therefore, it is possible that Taiko were used in exchange and transported further north, but evidence is lacking.
The southwest of Chatham Island is generally accepted as the main Taiko breeding area (Crockett, 1994) . Crockett identified the locations of Taiko colonies in the southwest of Chatham Island that were very large in the past-of which only one remains today ( Figure 1 ; DE Crockett, personal communication) . Nestling bones found with eggshell fragments suggest past Taiko breeding colonies at Long Beach (Figure 1 ; Millener, 1999) . Taiko bones (and in some cases complete skeletons) found at Long Beach have been radiocarbon dated to between approximately 2050 and 3300 CAL BP (Millener, 1999) , long before humans reached Chatham Island (about 900 years ago; King, 2000) .
Mitochondrial DNA from ancient Taiko bones was sequenced to investigate levels of past genetic diversity in Taiko. Ancient DNA was extracted from Taiko bones collected from around Chatham Island and the archaeological sites around Waihora (Figure 1 ). Mitochondrial DNA haplotypes were determined by sequencing three regions of the cytochrome b gene totalling 311 bp. These were compared to the haplotypes of the modern Taiko population (Lawrence et al., 2008b) . This comparison allows investigation of whether the modern Taiko population has retained or lost its past genetic diversity.
Materials and methods
Ancient DNA extraction In total, 82 Taiko bones were collected from the surface of sand dunes around main Chatham Island (Figure 1 ) and 10 were obtained from Canterbury Museum, Christchurch. In addition, 12 Taiko bones were obtained from the Otago Museum, Dunedin. These bones were collected from midden sites around Waihora and are approximately 260 to 450 years old (Figure 1 ; Sutton, 1976; Sutton, 1979b) . Sample details can be found in the Supplementary Information.
DNA extraction and PCR set up was performed in a physically isolated dedicated ancient DNA laboratory. Appropriate measures were taken to prevent and monitor contamination, including extraction and PCRnegative controls. The surface of the subfossil bone material was removed using sterile fine-grained sandpaper. A section was cut from the centre of the bone using a Dremel hand tool. Bone fragments of 15 to 400 mg were ground into a fine powder using a sterile mortar and pestle. The bone powder was decalcified with 0.5 M EDTA (pH 8) and digested with proteinase K/DTT/SDS overnight at 50 1C. The samples were extracted twice with phenol and once with chloroform: isoamyl alcohol (25:1); DNA was recovered with Vivaspin 6 Ultrafiltration Spin Columns (VivaScience, Aubagne, France). Forty-two samples that did not initially amplify with PCR were subsequently purified using a QIAamp DNA Mini Kit (Qiagen, Hilden, Germany).
Ancient DNA amplification and sequencing PCR primers were designed to amplify three regions of cytochrome b (totalling 311 bp) known to be variable in the modern Taiko population: L14863 (Nunn et al., 1996) Authentication DNA from three Taiko bones was independently extracted, amplified and purified for sequencing in another dedicated aDNA facility at the University of Auckland. DNA was extracted using the method described in Matisoo-Smith et al. (1997) ; the PCR protocol was as described above.
Analysis
A haplotype network was constructed manually. Nucleotide and haplotype diversity was calculated according to Nei (1987) using DnaSP version 4.10.9 (Rozas et al., 2003) .
Results and discussion
Mitochondrial DNA haplotype distribution and diversity DNA was successfully extracted, amplified and sequenced for all three cytochrome b regions from a total of 44 out of 104 bones (42%). These regions identify eight haplotypes in the modern adult Taiko population (Lawrence et al., 2008b ; note haplotypes G, H and I are indistinguishable using these three smaller regions). Four of these eight modern adult haplotypes were found in the ancient Taiko bones, in addition to four new haplotypes (Table 1) . Each new haplotype is unique, that is found in only one individual and is defined by a single substitution (Table 1 ; Figure 2 ). There may have been sites in cytochrome b regions not included in this study that were variable only in the ancient samples and not in the modern samples. This would bias the results towards a conservative conclusion that no change in genetic diversity has occurred. Novel haplotypes were found in Taiko bones from the central west coast of Chatham Island (one at Paritu and two at Te One; Figure 2 ). In addition, a unique haplotype was discovered in a bone from Kaingaroa in the northeast (Figure 2) . The haplotype network is star-like, with almost all rare haplotypes radiating from common haplotypes (A and G/H/I) and differing from them by a single substitution (Figure 2 ). This pattern can be indicative of a past population expansion (Slatkin and Hudson, 1991) . The haplotype diversity for the 44 aDNA sequences was 0.580 ( ± 0.072 s.d). The equivalent haplotype diversity (that is for the 311 bp) in modern adult Taiko (N ¼ 90) was 0.678 ( ± 0.047 s.d). and 0.653 (±0.048 s.d). for the modern Taiko chicks (N ¼ 66) . Therefore, the range of haplotype diversity overlaps and is not significantly different. Nucleotide diversities were 0.00323 ( ± 3.3 Â 10 Haplotype diversity over time Taiko were very numerous in the past, so a higher genetic diversity than that of the very small modern population could be expected. However, the haplotype diversity of the modern adult population (N ¼ 90) is not significantly different to that of the ancient bones (N ¼ 44). This supports the theory that the modern Taiko population has retained a large proportion of past diversity (Lawrence et al., 2008b) . However, some variation may have been lost as four haplotypes present in the ancient populations are not represented in the modern population (which was comprehensively Ancient genetic variation in a rare seabird HA Lawrence et al sampled; Lawrence et al., 2008b) . The ancient samples used in this study were a mixture of bones hundreds to perhaps thousands of years old, so the Taiko population has retained a reasonably high level of genetic variation for a long period of time. However, the decline in the number of mitochondrial DNA haplotypes in the Taiko chicks over just one generation (that is from eight in the adults to six in the chicks) suggests the Taiko population will lose some of its mitochondrial variation in a very short period (Lawrence et al., 2008b) . The level of genetic variation in Taiko maintained over potentially thousands of years could now be lost in a matter of decades. These results are relevant to Taiko conservation. One of the haplotypes not represented in Taiko chicks (haplotype J; Table 1 ) is only found in adult males, so cannot be passed on. Another haplotype (D ; Table 1 ) is present in three adult females not known to be breeding. One inhabits a burrow outside of the predator-controlled area and the burrow location of the other two females is unknown. Any chicks these females were to produce would be extremely vulnerable to predation. It is therefore important for Taiko conservation that these burrows be found and protected from introduced predators (Lawrence et al., 2008a) .
